Abstract-The complexity of real systems requires that existent applications integration. It is a strong requirement the integration applications of real systems due their complexity. The multi-agent concepts are used for integration of workflow management systems (WFMSs) in order to assure an efficient decision making. During the last two decades many models were proposed and developed in that the agents are used during the design and execution of WFMSs. One of the most important features in the requirements for integration is the coordination that must be designed in an appropriate way. The ontology constitutes the basis for the integration in the context of multi-agent system. It allows that the system components and the agents have a common understanding for their actions. Between other requirements, the capability of reengineering in the case of failures is mandatory for workflow modeling and design. The paper reviews the above problems and present many of the major solutions developed on date.
INTRODUCTION
Many researchers have focused on the intelligent agent and multi-agent systems approaches as alternatives for ebusiness and enterprise integration applications. Agent approaches and technologies were developed and used in e-business applications business process management in [12] , [15] , [24] , supply chain management in [11] and enterprise integration in [23] , [26] , and [27] . During the 1990s were developed ERP and EAI, the last one, involves the integration of various enterprise applications so that they can share information and processes freely in [19] .
Workflow systems, enable the automation of a business process, in whole or part, during which documents, information or tasks are passed from one participant to another for action, according to a set of procedural rules as in [8] , [1] .
Processes have associated resources, in terms of participants and invoked applications. In turn these resources may have extended descriptions in terms of the organizational model, and application environment respectively.
Validation of the process usually requires the knowledge of a domain expert on the underlying business rules, business process logic and many types of local constraints in [25] . Manual validation for any reasonably complex process models is complex and hard to achieve with an adequate dose of accuracy. Furthermore, it is unrealistic to assume that domain experts would also carry expert knowledge on process modeling. One can expect that workflow designers and domain experts would typically be disjoint but collaborating users of the process technology.
The validation, like structural verification is not intended to provide guarantees on the correctness and/or completeness of the process model against business requirements. It is rather intended to support the process modeling activity, by providing smart tools for cross checking process and activity properties, and identifying potential conflicting and redundant elements in the specification, thereby boosting user confidence in the deployment of the process model.
II. INTEGRATION REQUIREMENTS
A single work system or a single actor within a work system does not have the necessary knowledge, resources, and capability to solve such complex problem as is the integration. As a general goal is to integrate different work systems in order to solve the problems that span multiple work systems, coordinating the goals, tasks and resources of multiple work systems in order to achieve the overall system goals.
The main integration requirements are : work systems integration, data integration and technology integration and in addition to providing task and decision support within individual work systems. The work systems integration is concerned with the key organizational aspects of goals, tasks of business processes, actors and resources. Work systems integration, considered as being coordination involves structuring workflow, allocating tasks and resources to actors, sharing resources, managing interdependencies (or simply dependencies) between tasks, resources and actors, and enabling communication across multiple work systems.
The coordination as managing dependencies between activities if there are no interdependencies among activities, then is no need for coordination in the system, as in [20] .
The coordination perspectives: managing dependencies, managing workflow and managing communication among various work systems use adequate analysis and modeling techniques.
The paper structure is the following. The Second Section comments the integration requirements. The next Section reviews the models developed in the last decades. Some considerations concerning the tools for workflow design are given in the Fourth Section. The Fifth Section analyzes the multi-agent systems specificities. The Sixth Section presents the workflow management systems and multi-agent systems similarities. The Seventh Section overviews our previous works concerning the reengineering of failed workflows. The last Section concludes the paper.
III. PREVIOUS WORKS
Concerning the coordination, many models were developed. The dependency perspective, which presumes that coordination problems are caused in the first place by interdependencies among various organizational actors, tasks, and resources, and that an effective coordination system should address and resolve these mutual interdependencies. For the dependency perspective were developed many models between we mention: Actor Dependency Model ( [34] ) and Dependency Network Diagrams that allow representing the essential elements of inter-organizational relationships based on resource dependency theory [30] . The Role Activity Diagrams are presented in [10] and [22] , as a set of graphic notations for modeling business processes these were frequently used. The RAD technique partitions a business process into a set of interacting roles. Each of these roles group activities together that might be carried out by a person, group, or machine i.e., an actor or an agent. Roles have constructs to depict concurrent or parallel behaviors. They act in parallel, and communicate and synchronize through interactions. RAD is essentially a state-based modeling technique and actions and interactions of a role move it from the current state to a new state.
The Workflow Intelligent Business Object (WIBO) approach can model and implement a workflow with intelligence, autonomy, collaboration and cooperation ( [6] ). The workflow is modeled as a collection of interacting business objects that are able to manage themselves. These objects belong to meta-level classes or types: process, role, actor and resources.
eXchangeable Routing Language (XRL), based on XML, is a recent language developed to support seamless routing of inter-organizational workflow ( [1] ).
Most workflow modeling techniques lack capabilities to capture different aspects of a workflow system such as data, process and organization (resources) in a single consistent view ( [3] ). In [4] was proposed a framework that integrates the informational, functional, and organizational perspectives of the workflow in a single model and in [3] was proposed State-Entity-ActivityModel using set theory.
A major problem is that of the ontology in every domain ( [17] ). In [9] was proposed an organizational ontology for enterprise modeling. An organization is a set of constraints on the activities performed by organizational agents. An agent plays one or more roles. Each role is defined with a set of goals that the role is created to fulfill and is allocated with proper authority at the level that the role can achieve its goals. Agents perform activities in the organization, each of which may consume resources and there is a set of constraints that constrain agent activities. An agent can also be a member of a team set up in response to a special task, possesses skills and has a set of communication links that specify the other agents in the organization with who it can communicate.
In the IBIS model presented in [18] , the business enterprise has of a number of work systems each of which has been assigned certain goals to achieve that are derived from enterprise goals. The business enterprise can be a single business organization or it can be an extended, networked, or virtual organization or a strategic alliance comprising of a number of interacting partner firms who wish to integrate some of their work systems. Each work system contains multiple actors who are assigned subgoals derived from work system goals, and who perform a number of tasks using some resources to achieve their goals, and in the process use or create some information objects. Accomplishment of actor goals contributes to the accomplishment of work system goals, which in turn contributes to the accomplishment of enterprise goals.
The above models and constructs include goals, roles, agents (actors), activities or tasks as components of processes), interactions, workflow, resources, data, and interdependencies. As was stated in [18] , the MAS paradigm provides an approach and suitable mechanisms for developing integrative business information systems to achieve the goal of creating an integrated enterprise. In [18] was proposed a conceptual framework for multiagent-based integrative business information systems; was identified a minimal set of orthogonal ontological constructs in [16] and [28] that are central to the multiagent-based integrative business information systems bounded discourse universe in [17] ; was given an approach of minimal ontological commitment and tried to identify those ontological constructs that are essential for conceptual analysis and modeling of multi-agent-based integrative business information systems.
IV. WORKFLOW MODELING
The commercial community defined and standardized workflow languages that at least hold the potential of interoperability. Typical workflow scenarios include document lifecycle management, internal application workflow and business process management. A number of engines have been developed which revolve around well established protocols such as BPEL, XLANG, WSFL and many others. The Fig. 1 illustrates the above considerations based on the meta-model defined in [31] . The activities that compose the process/workflow instances can gain various states and change each other during process instance. Activity state evolves as is illustrated in Fig. 2 [31] . Reference [24] were developed languages (like BPEL4WS) based on numerous business process challenges such as coordinating communication between services, correlating message exchanges between parties, implementing parallel processing of activities, transforming data between partner interactions, supporting long running business transaction and providing consistent exception handling [24] . These languages use many protocols and standards that allow representing the Business process management both inside and between the organizations, as is shown in Fig. 3 . Web Services are frequently used in Workflow design in order to allow an expressive dynamic of the real processes [24] . Workflows are commonly modeled as activity diagrams. This approach to workflow modeling is called Activity-Based Workflow Modeling (AWM). An activity diagram comprises a set of discrete actions and the relationships among them. One fundamental characteristic of activity diagrams is that all actions are treated equal regardless of real differences in their nature. For example, some actions are user-initiated while others may be system-generated notifications or triggers. Yet other actions may be business rule executions, often referred to in the AWM literature as automatic actions.
Another approach to workflow modeling is Contextual Workflow Modeling (CWM) ( [21] ). CWM is centered on a modified finite state machine running strictly in the context of a data environment. The data environment isolates the state machine such that the only way to effect a change in the running status of the state machine is through modifications to the data environment. Instead of focusing on the actions as in the case of AWM, CWM is primarily concerned with how the outcome of an action impacts the data environment. CWM is a rule-based system where all workflow events, ranging from state activation to participant assignments, are driven by userdefined business rules. These rules operate on data drawn from the data environment and form the bridge connecting the data environment to the state machine. On the other hand, the combination of the current workflow status and the participant roles determines who has the privilege and responsibility to modify which part of the data environment. The CWM approach provides a uniform mechanism through which external actors, whether human users or information systems, interact with the workflow model. There is no artificial distinction of user actions versus system actions in how they impact the data environment, and consequently the workflow status. As a result, integration and interchangeability of the different actor types are much more seamless than in the AWM approach. CWM represents a departure from the typical AWM approach. By switching the modeling focus from actions to states and their driving business rules and by deriving action requirements dynamically from the workflow data content, CWM puts tremendous expressive power in the hands of the business process architect, allowing him to capture nuances that are simply beyond the reach of AWM. Workflow models in CWM tend to be streamlined, with the different action types organized logically according to their semantics. The semantic structure of CWM enhances comprehension of complex processes by giving analysts a top-level overview of a workflow and allowing them to drill down into particular areas of the workflow as necessary.
V. MULTI-AGENT SYSTEMS Multi-agent system can be considered a system that is composed of multiple autonomous agents and has the following characteristics presented in [29] , [13] , and [2] : (1) each agent has incomplete information or capabilities for solving the problem and, thus, has a limited viewpoint; (2) there is no global systems control; (3) data are decentralized; (4) computation is asynchronous. An intelligent agent is autonomous, reactive, proactive, and social ( [33] ). Agents are able to decide whether or not to execute an action after receiving requests ( [34] ).
In an agent-based system, agents use a common language with agent-independent semantics. There are different types of messages an agent can receive, and the agent is able to evaluate the received messages and decide what actions to perform. There are many agent communication languages between us mention KQML ( [7] ). Agent communication languages support several ways for agents to communicate, including direct communication, middle agent-mediated communication and broadcast.
Many coordination techniques have been developed in the intelligent agent and MAS literature. The coordination techniques include organizational structuring, metalevel information exchanging, multi-agent planning, contract net, negotiation, and market mechanisms depending on the domain were the agents are used. In [18] is given a synthesis of developed technologies and their key constructs. From these we outline ( [35] ) where is proposed a conceptual framework for agent-oriented and role-based workflow modeling. A workflow is viewed as a collection of agents interacting with others when they have interdependencies. The workflow is modeled a set of roles, which are further defined in terms of goals, qualifications, obligations, permissions and protocols.
Interactions among roles are governed by protocols. Roles are then assigned to agents based on the evaluation of qualification and capabilities. Once a role is assigned to agent, the agent inherits the obligations and permissions specified in that role. Coordination of workflow is achieved by communication among agents. In [26] and [27] the enterprise information system is considered as consisting of multiple agents with different functionalities, and develop representational formalisms, coordination mechanisms, and control schemes necessary for integrating heterogeneous agents while meeting such performance criteria as overall effectiveness, efficiency, responsiveness and robustness. Based on a formal analysis, the same authors propose an agent-based framework for enterpriser integration. In the framework, each process is modeled as an autonomous agent, which has its own well-defined goals and objectives. In [15] and [14] the business process is viewed as a community of negotiating agents. It was proposed the Advanced Decision Environment for Process Tasks (ADEPT) for conceptualizing, designing and implementing business process management systems.
VI. SIMILARITIES BETWEEN THE REQUIREMENTS FOR
INTEGRATION AND MAS CAPABILITIES Many of the following considerations are similar with those from [18] . In [18] were presented conceptual similarities between integrated business enterprises and multi-agent systems in terms of their goal orientation (i.e., problem-solving orientation). In an integrated enterprise, actors interact with each other in a number of work systems in a highly coordinated manner to achieve their own and shared goals, thereby contributing to the work system and thereby overall enterpriser goals. A multiagent system is similar to an integrated enterprise because it is essentially a community of autonomous and problem solving agents who interact in computer network systems in a coordinated manner to achieve their own and shared goals. The goal-oriented behavior of agents within a multi-agent system, which in the objects of the Object Oriented paradigm lack. Therefore, in terms of the goal construct, the MAS paradigm is suitable for modeling and developing integrated enterprise applications.
The MAS paradigm is suitable approach for modeling integrative business information systems because unlike any other paradigm, agents in the MAS paradigm come closest to mimicking the characteristics of human actors in business organizations: those of intelligence, adaptive problem solving behavior, sociability and autonomy. The actors within multiple work systems in an integrated enterprise need to be coordinated to manage and resolve interdependencies between tasks they perform and resources they use during the course of performance of their tasks. Interaction (or communication) among actors, and therefore among work systems, is a fundamental concept for integrating work systems as it is one of the basic means for coordinating activities of actors and for resolving resource dependencies in an integrated business enterprise.
Interaction is also a fundamental concept in the MAS paradigm as agents interact/communicate one another to share resources, check for task/goal accomplishment, check for availability of other agents for performing certain tasks, negotiate prices and timelines, subcontract tasks to other agents, decide upon future courses of action, etc. Activities (or tasks) are also fundamental to the MAS because both actors in human organizations and agents in multi-agent communities perform tasks in order to accomplish their own and organizational/system goals. The notion of workflow is also central to the MAS paradigms because a coordinated flow of activities (work) performed by various actors/agents and it is necessary for achieving organizational/system goals.
Information is obviously a key construct in MAS domains. A variety of information is required for actors in business enterprises to perform their assigned tasks in order accomplish their goals. Information exchanges also take place between actors within and across work systems in integrated business enterprises as part of their interactions to coordinate their activities and resources. The same is the case with multi-agent systems. Agents within MAS also use information to perform tasks and exchange information with other agents as part of their interactions. Therefore, from the perspective of interactions, activities, workflow and information, the MAS paradigm is quite appropriate for the modeling and development of integrated system applications.
The concept of resources is a very important construct in integrative business information systems. Resources within business organizations are always finite, and one of the key goals of any business organization is to optimize on resource requirement and utilization to contribute directly to the profitability goal of the organization. When resources are distributed across multiple work systems, improving resource utilization requires their effective coordination for solving resource dependencies and sharing resources across multiple work systems. Thus, resources of a wide variety (e.g., technical skills, documentation, plant and equipment, computer systems, utilities, consumable supplies, tools, etc.) need to be explicitly modeled in integrative business information systems. Resources are also a key construct in the MAS paradigm as agents contend for and consume finite computational resources such as memory, processor time, communication bandwidth, etc. While the types of resources that agents in the MAS paradigm normally deal with are comparatively limited as compared to business enterprises, any type of physical or intellectual resource can be easily modeled using the MAS paradigm. Thus, the MAS paradigm appears to be suitable for modeling of integrated application systems from the perspective of resources as well.
The role has been used as a construct in many modeling techniques, for abstracting the tasks/activities that need to be performed by real human actors to achieve certain goals. These abstract roles are then assigned to real human actors who are expected to perform tasks (activities) included in these roles definition to achieve the goals the roles are designed to accomplish. While the MAS paradigm does not specifically deal with the notion of roles, it can be readily implemented by assigning abstract Figure 4 . Interaction of the agents with data bases roles to intelligent agents within the MAS which are similar in a number of ways to human agents. Thus, from the perspective of roles as well, the MAS paradigm provides a suitable approach for modeling and implementation of integrated system applications. Also in [18] was presented multi-agent-based integrative business information systems (MIBIS) and for it were proposed the following ontological constructs required for modeling systems in the MIBIS discourse universe: agent, role, goal, interaction, task, resource, information and knowledge. Every ontological construct was analyzed and motivated.
Based on the above considerations, the MAS systems paradigm is suited for modeling and implementing a wide variety of integrative business information systems and also for workflow execution and modeling.
VII. REENGINEERING FAILED WORKFLOWS Our previous work proposed a model that is based on a multi-agent system. The workflow and its constituents are preserved in a data base.
Workflows especially for business processes are generally in a very high dynamic. So during the execution the state of the system and also of the workflow can change, or can fail. Whereas the system state is stable the workflow can evolve but while in some state the system changes in an unpredictable way the workflow will encounter particular cases (states) that were not developed. In such cases the workflow must be able to adapt to the new conditions. During the execution of an activity, of a workflow instance, a failure of the activity can appear. In this case the workflow will be stopped and its reply can be done, in the actual circumstances, or can be done only from its beginning. As was stated in [5] we propose a model that allows using a multi-agent system that will be able to manage the failures in the execution of the workflow instances. For being able to do that, we need to develop some specific concepts and use an appropriate data bases. In [5] were given details that concern the activities and their results that eventually can be reused in the case of the reply of the workflow instance execution. For every activity it is needed some specific information that will be used in the case of a reply of the instance execution, after a failure. The information concerning the activity is placed into the Workflow Data Base (WfDB). The entity in this data base is the activity. Also for every workflow instance a specific data base it is needed, Workflow Instance Data Base (WfIDB), here the entity is the workflow instance. Due to the space of paper limitations some of the basic attributes of entities from the previous data bases are not given. The relation between the entities of WfDB and WfIDB can be easy imagined. The Fig. 4 shows the proposed databases and the interaction of the agents with these data bases.
In the following we propose the steps that will allow to construct and use our proposed model: (i) For every activity the designer must decide if it has remanent result and the way that allow identifying and storing it; (ii) For all activities it will specify if its result is volatile or the effect of the activity on the overall system, in the sense that it must be discarded (example: updating data bases with the cancellation of the activity effects). (iii) During the execution of a workflow instance will be recorded in a data base, the activities (their results if there is in the case of the remanence) as soon as these are executed. (iv) When a workflow instance fails due of an activity failure, then an analysis is done and it concerns the effects of activities on the system state; the last activities with remanent results will be retained. A mechanism for finding on every branch these remanent activities is required. (v) After the previous step when the workflow instance must be replied, a new variant of the workflow instance is constructed as follows: as input locations that enter in a transition are the locations of activities with remanent results (as it was given in [5] ). (vi) The new workflow instance that was constructed in the previous step can be started.
VIII. CONCLUSIONS
As was stated in the above considerations, we consider that as a main goal that argues and motivates the usage of MAS and the ontology constructs, are the following: -the dependency modeling, that supports goal dependencies, task dependencies, and resource dependencies. Here we outline that the same role must execute many tasks and the role can be played by the same agent and at one time instant and we dispose only for one such agent (i.e., many tasks need in the same time instant the same role that can be played by the same agent). Some constraints concern the dependencies between the orders of tasks execution in this case. Here an intelligent analysis must be done and it justify the multi-agent concept; -resource dependencies within and among roles and tasks can also be similarly captured and represented using the knowledge construct. The knowledge construct specifies which task performed by a particular role requires what resources. The knowledge construct can also be used to model the contention of resources and availability of resources can be signaled using messages and this message flow information (e.g., what message should be expected and from whom when a required resource becomes available) can be modeled using the knowledge construct; -the concurrency is mandatory and it is one of the main requirements in the area. The agents that will be used act in an independent manner and in the same time they must cooperate in order to attain their goals and the system objectives.
